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ABSTRACT
The orbits of 8 systems with low-mass components (HIP 14524, HIP 16025, HIP 28671, HIP 46199,
HIP 47791, HIP 60444, HIP 61100 and HIP 73085) are presented. Speckle interferometric data were
obtained at the 6 m Big Alt-azimuth Special Astrophysical Observatory of the Russian Academy of
Sciences (BTA SAO RAS) from 2007 to 2019. New data, together with measures already in the
literature, made it possible to improve upon previous orbital solutions in six cases and to construct
orbits for the first time in the two remaining cases (HIP 14524 and HIP 60444). Mass sums are obtained
using both Hipparcos and Gaia parallaxes, and a comparison with previously published values is made.
Using the Worley & Heintz criteria, the classification of the orbits constructed is carried out.
Keywords: observational astronomy — astronomical techniques — interferometry — speckle interfer-
ometry, stellar astronomy — stellar types — low mass stars, interferometric binary
1. INTRODUCTION
Most resolvable binaries consist of late-type main-
sequence stars. The study of such objects using the
speckle interferometry (Labeyrie 1970) allows for the de-
termination of their fundamental parameters (the mass
sum of the components and, if there are additional data,
their individual masses and spectral types), the compi-
lation of statistical samples according to the obtained
orbital parameters, and an increase in the known mul-
tiplicity of systems previously defined as single/double.
The objects in this study are stars resolved by the Hip-
parcos satellite (ESA 1997): HIP 14524, HIP 16025,
HIP 28671, HIP 46199, HIP 60444 and HIP 73085. Two
objects were studied in previous papers, HIP 61100 by
Balega et al. (2013) and HIP 47791 by McAlister et al.
(1993).
One of the main aims of speckle interferometry as an
observational method is to obtain images of binary stars
at angular scales from the atmospheric seeing size (about
1′′-2′′) to the diffraction limit (as small as 0.′′02 for the
6 m telescope at a wavelength of 500 nm). Among the
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pairs available at such angular separations, there are
systems with periods from ∼1 to ∼100 yr. Long-term
monitoring of binary and multiple systems allows for
the calculation of high-precision orbital elements, and
therefore direct determination of the masses of stars and
the study of stellar evolution.
Currently, studies of binary systems by speckle in-
terferometry are carried out by several teams world-
wide (e.g. Mason et al. (2001, 2018); Balega et al.
(2013); Hartkopf & Mason (2015); Orlov (2015); Docobo
et al. (2017, 2019); Horch et al. (2017, 2019); Mendez
et al. (2018); Tokovinin (2018, 2019); Tokovinin et al.
(2019a,b)) on medium and large telescopes (from 1.5 to
8.1 m). However, despite the rather large amount of
studies already carried out, many systems do not have
orbital solutions at all or they are not accurate. The
results of the Gaia mission (Gaia Collaboration et al.
2018) will significantly improve our knowledge about the
orbits of such objects, and therefore about the funda-
mental parameters of stars. It should be noted that,
for many binaries, the observations of this satellite will
cover only a part of the orbital arc (which will be very
small for objects with long periods, even taking into ac-
count observations in phases close to the periastron). At
the same time, when observations of the Gaia mission
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correspond to phases far from the passage of the perias-
tron, the constructed orbital solutions will probably be
ambiguous. In this case, long-term ground-based moni-
toring of binary systems will allow for the construction
of the correct orbital solution.
The monitoring of the eight objects that are the sub-
ject of this paper has been carried out by the group
of high-resolution methods in astronomy at the Special
Astrophysical Observatory of the Russian Academy of
Sciences (SAO RAS) since the late 1990s. Some of the
astrometric results have already been published earlier
by Balega et al. (2002, 2004, 2006, 2007), Rastegaev
et al. (2007, 2008), and Balega et al. (2013) and are pre-
sented in Table 1. This work is dedicated to the further
study of these systems and the construction of their or-
bits. Despite the fact that orbital solutions have already
been published for some objects (Table 2), they should
be improved due to a lack of observational data and
long orbital periods. Section 2 provides a description of
speckle interferometric observations and data reduction
results. Section 3 is dedicated to the construction of
orbits and the analysis of the orbital solutions obtained.
2. OBSERVATIONS AND DATA REDUCTION
Speckle interferometric observations were carried out
in 2007-2019 at the Big Telescope Alt-azimuth (BTA) of
the SAO RAS using a speckle interferometer (Maksimov
et al. 2009) based on EMCCD detectors, namely the
PhotonMAX-512B (until 2010), Andor iXon+ X-3974
(2010-2014), and Andor iXon Ultra 897 (since 2015).
The observation log is shown in Table 1, most of the
speckle images were obtained under good weather con-
ditions with seeing 1′′-2′′. Speckle interferograms were
recorded with an exposure time of 20 milliseconds and
a standard series of 1940 (until 2010) and 2000 images
for each object. The following interference filters were
used (central wavelength λ/bandpass ∆λ): 550/20 nm,
600/40 nm, 800/100 nm and 900/80 nm. High mea-
surement accuracy is due to the simultaneous use of the
following methods for calibration:
• For the position angle and the angular separation
calibration we use a two-hole mask installed in the
converging F/4 beam at the distance of 3995 mm
from the focal plane. Physically, this mask repre-
sents the Hartmann diaphragm at the entrance to
the BTA primary focus cage, in which only two of
the 260 holes are left open. The diaphragm is usu-
ally used to take pre-focal and extra-focal images
when studying the surface shape of the telescope’s
main mirror. The distance between the 15 mm
diameter holes is 833± 1 mm. The holes are sym-
metric with respect to the telescope axis. Light
from a bright star passes through the holes and
produces a set of fringes in the focal plane of the
mirror. The orientation of the fringes, defined by
the angle of the line connecting the holes, is always
fixed and can be used for the calibration of the in-
stallation angle of the camera. The linear spacing
between the fringes is determined by the distance
between the calibration holes and the focal length
of the telescope and is given by
M =
360 ∗ 60 ∗ 60
2 ∗ pi ∗ F ∗
λ ∗ L
d
/
N
ρ(λ)
, (1)
where M is scale in arcseconds per pixel, F is tele-
scope focal length in meters, λ is the wavelength
(m), L is the distance from the entrance of the
telescope prime cage to the focal plane (m), d is
the distance between the holes on the cover panels
of the prime focus cage (m), N is the number of
pixels in the original image, and ρ(λ) is the mea-
sured distance in pixels between the peaks in the
power spectra series of the mask.
The main source of uncertainty in determining the
scale is the value of the focal length of the mirror.
Workshop measurements of the radius of the cur-
vature of the mirror, made in different years and
in different zones along the radius of the mirror, as
well as measurements of the focus position using
images of the Hartmann diaphragm on a telescope,
differ by tens of millimeters. The average value
of the focus of the BTA mirror adopted by us is
24025± 15 mm. In the projection onto the mirror
surface, the calibration holes are spaced 4994 mm
apart, and their diameter corresponds to 90 mm.
• Calibration of the scale and angle is performed on
a bright star observed with good quality atmo-
spheric images. Under poor atmospheric condi-
tions (seeing 2′′- 3′′) the phase differences of the
wave fronts from the two apertures are too large,
the images of the star do not overlap most of the
time, and the contrast of the accumulated inter-
ference pattern is low. In the frequency plane,
interference fringes correspond to a pair of elon-
gated spots (Figure 1, top panel). Their length is
determined by the spectral band of the used inter-
ference filter: the narrower the filter, the more ac-
curate the measurement of scale. We are currently
scaling with relative accuracy better than 0.05 mas
per pixel (this value corresponds to the least pre-
cise determinations of the scale among the 2007-
2019 measurements in different bandpasses). The
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Figure 1. Top: examples of power spectra of a series of
interference fringes from the two-hole mask when observed
in 550/20 nm (left) and 800/100 nm (right) bands. Bottom:
the image of the θ1 Ori (Trapezium Cluster) averaged over
500 frames in the horizontal coordinate system (left) and
after reduction to the equatorial coordinate system (right).
orientation of the speckle interferometer is also re-
lated to the mask. The value of the position angle
in the equatorial coordinate system is calculated
from the parallactic angle of the star at the time
of observation. We have been calibrating the angle
in the sky for many years from the images of the
θ1 Ori (Trapezium Cluster) using a x2.5 microlens
(corresponding field of view is 28.′′2), shown in the
bottom panel of Figure 1. The position angles be-
tween the components of which were determined
by hundreds of observers using a variety of meth-
ods, so they can be considered very reliable (e.g.
Olivares et al. (2013)).
Positional parameters and magnitude differences were
determined through the analysis of the power spectrum
and the autocorrelation function of the speckle inter-
ferometric series described in Balega et al. (2002) and
Pluzhnik (2005). The reconstruction of the position of
the secondary was carried out by the method of bis-
pectral analysis (Lohmann et al. 1983). Figure 2 shows
examples of power spectra, corresponding autocorrela-
tion functions, and reconstructed images for the objects
studied.
Table 1 presents the positional parameters of the sys-
tems under study and the magnitude differences, known
from the literature and obtained in this study. The
columns are Hipparcos number, epoch of observation in
fractions of Besselian year, telescope, bandpass or λ/∆λ,
θ and σθ are the position angle of the secondary relative
to the primary and its error, ρ and σρ are the separation
between the two stars and its error, ∆m and σ∆m are the
magnitude difference and its error, and references. The
analysis of the magnitude differences from the data ob-
tained in different epochs shows that the average popu-
lation standard deviation of new measurements is about
0.1 mag.
3. ORBIT CONSTRUCTION
Preliminary estimates of the orbital parameters were
calculated using the Monet method (Monet 1977). The
final orbital solutions were calculated using the ORBIT
(Tokovinin 1992) software package. Depending on the
values of the residuals and deviations from the orbital so-
lution, the corresponding weights were selected for each
measurement (ones with large errors are set to smaller
weights). When constructing the orbits, 180◦ ambigui-
ties were found in the positions of measurements corre-
sponding to previously published ones, which is proba-
bly due to inaccurate reconstruction of the position of
the secondary or its absence. As a result, the values of
the position angles of the following measurements were
changed by ±180◦ (in Table 1, the values of the position
angles correspond to the published data):
• HIP 14524: Balega et al. (2004), Balega et al.
(2006), Balega et al. (2013), and Horch et al.
(2017);
• HIP 28671: 1991.25 ESA (1997) and 2010.9659
(both measurements) Hartkopf et al. (2012);
• HIP 46199: Balega et al. (2004);
• HIP 47791: 1993.2025 McAlister et al. (1993);
• HIP 60444: 1999.8217 Balega et al. (2004);
• HIP 61100: 2002.2543 (both measurements),
2003.9258, 2005.2353, and 2005.2461 Balega et al.
(2013);
• HIP 73085: 2014.2189 and 2014.4593 for 880/50
bandpass Horch et al. (2015).
It should be noted that all measurements presented
in Table 1 were used to construct orbits. Since posi-
tional parameters were obtained using different instru-
ments and methods, they have different small systematic
errors. Therefore, orbital residuals on ρ and θ, discussed
below for each object, can be higher than the estimates
of uncertainties presented in Table 1.
Table 2 presents both our orbital parameters for the
eight systems and those found in the literature. The
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Figure 2. Examples of power spectra, corresponding autocorrelation functions, and reconstructed images for the objects
studied.
Table 1. The positional parameters of the objects studied and the magnitude differences between components.
HIP Epoch, yr Telescope λ / ∆λ, nm θ◦ σθ◦ ρ, mas σρ, mas ∆m, mag σ∆m, mag Reference
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
14524 2008.712 BTA 550/20 303.1 0.1 327 1 0.82 This work
2009.9107 BTA 800/100 298.6 0.1 316 1 1.13 This work
2011.9505 BTA 800/100 288.5 0.2 299 1 0.22 This work
2015.9151 BTA 800/100 261.4 0.1 254 1 0.20 This work
2016.8869 BTA 800/100 252.6 0.1 235 1 0.28 This work
2017.7715 BTA 800/100 243.7 0.1 215 1 0.43 This work
2019.0495 BTA 800/100 226.8 0.1 174 1 0.37 This work
Note—This table is available in its entirety in machine-readable form. The full version of Table 1 lists the parameters
published earlier by ESA (1997), Balega et al. (2002, 2004, 2006, 2007, 2013), Horch et al. (2002, 2004, 2008, 2010,
2012, 2015, 2017), Tokovinin et al. (2014, 2015, 2016), Tokovinin (2018), McAlister et al. (1993), Hartkopf et al.
(2000, 2012), Orlov et al. (2011), Schlieder et al. (2016), and Rastegaev et al. (2007, 2008).
columns give: the Hipparcos number, the orbital period
in years, the epoch of periastron passage, the eccentric-
ity, the semi-major axis in mas, the longitude of the
ascending node, the argument of periastron, the inclina-
tion, and the reference for the calculation.
Two independent methods were used to determine
the fundamental parameters of the components and sys-
tems in this work. The orbital parameters obtained and
shown in Table 2 and Hipparcos (van Leeuwen 2007)
and Gaia (Gaia Collaboration et al. 2018) parallaxes
were used in the first method. The use of the Hipparcos
parallax allows for the comparison of the parameters of
objects calculated in this work with published values,
and the Gaia parallax - to obtain actual values. The
total mass is calculated using
∑
M =
(a/pi)3
P 2orb
, (2)
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Table 2. Orbital parameters of the objects.
HIP Porb, year T0, year e a, mas Ω,
◦ ω, ◦ i, ◦ Reference
(1) (2) (3) (4) (5) (6) (7) (8) (9)
14524 33.6 2020.8 0.678 324.9 219.8 79.8 129.3 This work
±0.7 ±0.1 ±0.032 ±15.7 ±1.7 ±0.5 ±3.3
16025 54.695 2021.606 0.091 273.2 54.4 313.4 41.2 Cvetkovic´ et al. (2016)
±0.881 ±0.576 ±0.007 ±3.3 ±1.1 ±3.3 ±0.7
48.3 2020.9 0.158 257.1 56.2 325.1 41.9 This work
±1.5 ±0.9 ±0.007 ±4.1 ±2.8 ±12.1 ±0.8
28671 100 2044.6 0.93 449 51.5 80.2 95.9 Tokovinin (2016)
100.7 2039.0 0.955 567 49.8 80.4 94.6 This work
±3 ±0.5 ±0.002 ±46 ±3.3 ±0.5 ±0.4
46199 93.916 1995.977 0.835 582 140.6 263.4 76.9 Cvetkovic´ et al. (2016)
±4.056 ±4.423 ±0.667 ±32.7 ±3.2 ±23.9 ±6.6
111.8 1996.2 0.891 693.7 138.6 264.8 77.8 This work
±4.8 ±0.2 ±0.008 ±20.5 ±0.5 ±0.5 ±0.4
47791 21.724 2000.621 0.351 115.2 25.5 262.3 74.4 Cvetkovic´ et al. (2016)
20.73 1999.78 0.373 114.1 22.2 259.7 76.3 This work
±0.01 ±0.01 ±0.008 ±0.7 ±0.2 ±0.1 ±0.2
60444 26.16 2000.78 0.633 602.3 24.2 113.0 99.3 This work
±0.01 ±0.01 ±0.002 ±3.3 ±0.2 ±0.07 ±0.1
61100 1284.37d 1988.96178 0.507 46.9 357.2 248.8 60.1 Arenou et al. (2000)
±2.25d ±0.01779 ±0.015 ±2.2 ±2.9 ±2.5 ±3.5
1284.4d 0.5 Halbwachs et al. (2003)
1366d
+199
−127 171
d+564
−104 0.63
+0.09
−0.07 35.2
+4.8
−3.2 175
+5
−6 63
+12
−11 61
+5
−5 Goldin & Makarov (2006, 2007)
1278.17d 2013.543 0.508 101.4 356.0 246.9 58.7 Schlieder et al. (2016)
±0.39d ±0.001 ±0.001 ±0.1 ±0.3 ±0.1 ±0.4
1284.11d 2013.55 0.5119 244.75 Kiefer et al. (2018)
±0.14d ±0.001 ±0.0012 ±0.2
3.514 2013.550 0.507 102.3 177.6 244.5 58.6 This work
±0.002 ±0.003 ±0.003 ±0.5 ±0.4 ±0.4 ±0.3
73085 41.192 2014.759 0.501 205.6 22.1 142.6 127.0 Cvetkovic´ et al. (2016)
±0.695 ±0.586 ±0.038 ±9.0 ±2.2 ±3.8 ±1.4
43.6 2014.66 0.475 216.4 22.6 136.9 123.9 This work
±0.6 ±0.06 ±0.004 ±1.6 ±0.5 ±1.3 ±0.8
and the uncertainty is given by
dM =
√
9 ∗
(
dpi
pi
)2
+ 9 ∗
(
da
a
)2
+ 4 ∗
(
dPorb
Porb
)2
∗M.
(3)
The apparent magnitudes of the stars from the SIM-
BAD database, the average magnitude differences of the
components in the 550 bandpass from Table 1 and Hip-
parcos and Gaia parallaxes (hereinafter piH and piG)
were used in the second method. The calculation of
the average magnitude difference in the 550 nm band-
pass (∆m550) for each object was carried out taking into
account all measurements in this filter, including filters
with very similar center wavelengths (562 and 545 nm).
Since the measurements of the magnitude difference pre-
sented in Table 1 were obtained by different authors at
different telescopes and instruments, the value of the
population standard deviation of these measurements
was taken as an error. Published and new magnitude
differences are significantly differ from each other for
HIP 14524 and HIP 73085. To determine the fundamen-
tal parameters of these systems, the values obtained at
6 Mitrofanova et al.
the BTA from 2007 to 2019 were selected, and the pop-
ulation standard deviation described in Section 2 was
used as the measurement error. Only one measurement
of ∆m550 is presented in Table 1 for HIP 60444, which
was used to determine the parameters (the population
standard deviation described in Section 2 was chosen as
an error). This method allows for obtaining of absolute
magnitudes of the components, their spectral types and
masses, and therefore the estimation of the mass sums.
Spectral types and masses were determined based on
data from Pecaut & Mamajek (2013) for main-sequence
stars. Comparison of the results obtained by two meth-
ods and using two parallax values allows for estimation
of the consistency of a one or another orbital solution.
Table 3 lists the fundamental parameters of objects
and their components. The columns give the Hippar-
cos number, the absolute magnitudes of the components
(MA and MB), their spectral types (SpA and SpB), the
masses of stars (MA and MB), the mass sum of the
components defined by orbital parameters by the first
method (
∑
M), parallax source, and references. Below,
we show the orbits obtained and discuss each system in
detail.
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HIP 14524 (03h07m33.s78− 03◦58′17.′′14; MCC 413)
is a binary consisting of components of the spectral types
K6 and K7 with absolute magnitudes of MA = 7.6 mag
and MB = 8.0 mag (Balega et al. 2002). The orbital
solution for this system was obtained for the first time
and is shown in Figure 3. The calculation includes 16
previously published measures and the 7 new measure-
ments that appear in Table 1. Their residuals regarding
the orbital solution were ∆ρ = 2.6 mas and ∆θ = 0.◦8.
However, the measurement of the Hipparcos mission,
which has the biggest discrepancies in both ρ and θ, con-
tributes to these values (and is marked with a cross in
Figure 3). With its exclusion, the residuals are ∆ρ = 2.3
mas and ∆θ = 0.◦5, and when using only new measure-
ments, they are ∆ρ = 0.9 mas and ∆θ = 0.◦4. Only the
Hipparcos parallax piH = 18.29±4.26 mas is presented in
the SIMBAD database for HIP 14524, and the value of
the magnitude difference (as stated earlier) is 0.82±0.10
mag. A comparison of the mass sums (Table 3) calcu-
lated by the two methods shows that the value obtained
by the orbital solution is obviously overestimated and
has a large error of about 71% due to the low accuracy
of the Hipparcos parallax (the error of the value is 23%).
However, in Figure 3 it can be seen that the orbit fits
the observational data well. Using the spectral type of
the system from the SIMBAD database (K7V), the cor-
responding absolute magnitude MV = 8.15 mag (Pecaut
& Mamajek 2013) and the magnitude difference, an im-
plied parallax of pi = 28.7 ± 0.5 mas is calculated. The
fundamental parameters calculated using this parallax
are in good agreement with each other. If this analysis
is correct, then the stars are of later spectral types than
Balega et al. (2002) assumed.
HIP 16025 (03h26m21.s02 + 35◦20′26.′′18; HD 21183)
is a binary with components of the F8 (MA = 4.1 mag)
and K0 (MB = 5.8 mag) spectral types (Balega et al.
2002), effective temperature Teff = 5703 K, luminosity
L = 1.72 L and infrared excess EIR = 1.007 (Mc-
Donald et al. 2012). The infrared excess indicates the
presence of a secondary. Using the Hipparcos parallax
and ∆m = 1.77±0.12 mag Cvetkovic´ et al. (2016) deter-
mined spectral types of components, their masses and
the total mass of the system, which are given in Table 3
for subsequent comparison, and the dynamical parallax
pidyn = 15.6± 0.44 mas.
Analysis of new speckle interferometric data made it
possible to increase the number of measurements for
constructing the orbit by 13 and to improve the already
known orbital solution by Cvetkovic´ et al. (2016) (Figure
3, right panel). The residuals of measurements were 1.◦3
for θ and 4 mas for ρ. However, they are overestimated
due to the contribution of measurements, which are
marked with crosses in Figure 3. After their exclusion,
the residuals are ∆ρ = 1.3 mas and ∆θ = 0.◦6, and when
using only new measurements, they are ∆ρ = 0.7 mas
and ∆θ = 0.◦5. The mass sums obtained from the paral-
laxes piH = 14.76± 1.06 mas and piG = 10.3951± 0.7421
mas are very different from each other. Such a big differ-
ence occurs due to an error in the parallax of the Gaia
mission, since at scales less than 0.′′5 this data release
rarely resolves objects as double ones (Gaia Collabora-
tion et al. 2018), while in Equation 1 this value is raised
to the third power. To calculate the parameters of the
components by the second method, the value of the av-
erage magnitude difference ∆m = 1.80 ± 0.07 mag was
used (where 13 measurements are from Table 1). The
masses of stars calculated by the second method are in
good agreement with the mass sum obtained from the
orbital parameters with the Hipparcos parallax. The
orbit constructed in this study (Figure 3, right panel)
fits most of the measurements, and the discrepancy in
the mass sums is probably due to problems with the
currently known parallaxes of the Gaia mission.
HIP 28671 (06h03m14.s86 + 19◦21′38.′′7, J2000;
HD 250792) is a triple system of spectral type G, con-
sisting of a binary (BD + 19◦1185A) and a physically
bound third component (BD +19◦1185B) at a distance
of ρ ≈ 6.′′9 (Rastegaev et al. 2007; Hartkopf et al. 2012).
The orbital period of the system was initially estimated
as ∼ 10 years (Hartkopf et al. 2012), the distance to
the object was d = 54.3 ± 20.9 pc, and the trigono-
metric parallax pi = 31.4 ± 7.1 mas (Khovritchev et al.
2013). This distance value was obtained taking into ac-
count the Lutz-Kelker correction (Lutz & Kelker 1973);
therefore, it differs from the preliminary estimates cal-
culated as d = 1/pi. Khovritchev et al. (2013) also note
that mutual orbital motions of the components of double
systems might affect the results of parallax determina-
tions. Based on the data from the MILES, CFLIB, and
ELODIE, Prugniel et al. (2011) determined the atmo-
spheric parameters of HIP 28671 as Teff = 5554 ± 42
K, log g = 4.33 ± 0.07, and [Fe/H] = −1.01 ± 0.05
dex, which is consistent with the results by Schuster
et al. (2012) (Teff = 5489± 148 K, log g = 4.47± 0.05,
and [Fe/H] = −1.01±0.02 dex). Tokovinin (2016) con-
structed a preliminary orbit of the object and iteratively
determined the masses of the components and dynam-
ical parallax pidyn = 18.0 mas. The values obtained by
Tokovinin (2016) analysis are shown in Tables 2 and 3.
The orbital parameters of HIP 28671 can only be re-
fined due to the expected long orbital period of the ob-
ject and the small number of measurements (12 pub-
lished and 9 new) covering only a fifth of the prelimi-
nary orbit (Figure 4, left panel). If all measurements
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Figure 3. Orbital solutions for HIP 14524 and HIP 16025. The orbit by Cvetkovic´ et al. (2016) is marked with gray and
the orbit constructed in this work is black. Triangles correspond to the published data; open circles - data obtained in this
study; crosses - data with large residuals; a point placed in the large circle is the first measurement for system. The arrow
shows the direction of motion of the secondary. ∆ρ and ∆θ are residuals of angular separation and position angle showing
difference between the observed and model value. The dashed line on the residuals plots indicates the orbital solution. Box
plots display the distribution of data based on a five-number summary (minimum, first quartile (Q1), median, third quartile
(Q3), and maximum) and outliers.
are used to construct the orbit, then the residuals are
∆ρ = 9.8 mas and ∆θ = 3.◦2. With the exclusion of
data that are not in good agreement with the orbital
solution (marked with crosses in Figure 3), the residuals
are ∆θ = 1.◦4 and ∆ρ = 2.5 mas. If only new mea-
surements are used, then the residuals are ∆θ = 1◦ and
∆ρ = 1.7 mas. The study made it possible to refine the
orbital solution constructed by Tokovinin (2016), and
to compare the mass sums obtained for both solutions.
Based on the parallaxes of piH = 16.81 ± 2.04 mas and
piG = 14.4036±0.1174 mas, the mass sums of the compo-
nents were obtained for the orbital solution by Tokovinin
(2016) (
∑
MH = 1.9M and
∑
MG = 3.03M) and
for the orbit presented here in Table 3. Using the par-
allax in Khovritchev et al. (2013), the mass sums are∑
Mkhov = 0.3M (Tokovinin 2016) and
∑
Mkhov =
0.58 ± 0.42M (this work). The mass sums using this
parallax for both orbital solutions are implausibly low,
therefore, this parallax was not used in a further study.
It should be noted that the low accuracy of the values
obtained from the orbital parameters is due to large in-
accuracies in the determination of the semimajor axis
and the orbital period. The high proper motion of the
object, the small number of measurements, and differ-
ences in the parallaxes for HIP 28671 currently do not
allow for reliable determination of the mass sum of the
components. Using the average magnitude difference of
the two stars (∆m550 = 1.87 ± 0.08 mag, derived from
5 measurements in Table 1), the characteristics of the
components presented in Table 3 were calculated. De-
spite the best description of the observational data by
the new orbital solution, the mass sum, determined ac-
cording to the data by Tokovinin (2016) and the Hip-
parcos parallax, is closest to the estimated mass sum
obtained using the magnitude differences. Obviously,
further monitoring of HIP 28671 is required in order to
cover more of the orbital period.
HIP 46199 (09h25m10.s78 + 46◦05′53.′′65; HD 81105)
consists of stars of spectral types K4 and M1 (Cvetkovic´
et al. 2016). Based on the published positional pa-
rameters, Cvetkovic´ et al. (2016) found an orbital so-
lution for this system and determined parameters of
10 Mitrofanova et al.
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Figure 4. Orbital solutions for HIP 28671 and HIP 46199. The orbit by Tokovinin (2016) is shown in gray on the right panel
and by Cvetkovic´ et al. (2016) on the left. All other designations are described in the caption of Figure 3.
the components (using ∆m = 2.33 ± 0.35 mag) and
pidyn = 25.49 ± 2.78 mas. The analysis of new obser-
vational data for HIP 46199 obtained at the 6 m BTA
of the SAO RAS from 2007 to 2019 increased the num-
ber of measurements of positional parameters from 15
to 31 (where the new orbit is shown in the right panel
of Figure 4). The residuals of measurements are 1.◦0
for θ and 6.7 mas for ρ. After excluding the contribu-
tion of measurements with large residuals (in Figure 4,
these are marked with crosses), these values are 1◦ and
5.6 mas, and when using only new measurements, they
are ∆ρ = 2.6 mas and ∆θ = 0.◦8. The mass sums ob-
tained using both parallaxes, piH = 38.9± 1.21 mas and
piG = 44.3975 ± 0.8210 mas, appearing in Table 3 are
obviously too low. Most likely this is due to the low
accuracy of the positional parameters of the Hipparcos
mission (for some systems, these measurements have the
largest residuals). If this measurement is excluded from
the study, only a small part of the arc remains for fit-
ting, which leads to many orbital solutions with simi-
lar residuals. The above indicates the need for further
monitoring of HIP 46199. There is no information in
the SIMBAD database about the apparent magnitude
of the system in the V band, therefore, to obtain this
value, we used photometric ratios and conversion rate
from Busso et al. (2018). As a result, using the values
of mV = 9.05 ± 0.04 mag and ∆m550 = 2.56 ± 0.06
mag obtained from the 6 measurements in Table 1, the
masses of the components were obtained.
HIP 47791 (09h44m36.s55 + 64◦59′02.′′79; HD 83962)
is a binary of the spectral type F3Vn (Cowley 1976;
McAlister et al. 1993) with v · sin i = 145 km s−1
(Danziger & Faber 1972). McDonald et al. (2012) gives
the effective temperature of an object Teff = 6583 K, lu-
minosity L = 24.42 L and infrared excess EIR = 1.429.
Based on the published data, Cvetkovic´ et al. (2016) cal-
culated the orbital parameters of HIP 47791 shown in
Table 2 and a number of characteristics of the compo-
nents (in Table 3), as well as pidyn = 9.61± 0.08 mas.
The analysis of 4 published and 14 new speckle inter-
ferometric measurements made it possible to improve
the orbit of HIP 47791. The result is shown in the left
panel of Figure 5. The residuals of measurements were
1.◦7 for θ and 1 mas for ρ. The measurements made by
McAlister et al. (1993) give the largest residuals; with-
out these, the residual in θ is reduced to 0.9 degrees
and in ρ, the value is reduced to 0.7 mas. Residuals of
new measurements are ∆ρ = 0.4 mas and ∆θ = 0.◦9.
When constructing the orbit, Cvetkovic´ et al. (2016)
suggested that the position angle of the measurement
by Balega et al. (2013) should be modified by 180◦, but
in our analysis that appears not to be needed. The par-
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allaxes of Hipparcos and Gaia for HIP 47791 are equal to
piH = 10.48 ± 0.36 mas and piG = 9.6586 ± 0.1059 mas,
respectively. The parameters obtained using the orbit
calculated here and the magnitude difference between
the components ∆m550 = 0.42± 0.01 mag (including 12
measurements from Table 1) are in good agreement with
each other, as can be seen in Table 3. In the work by
Cvetkovic´ et al. (2016), the magnitude difference of the
components was taken equal to zero, since there were
no estimates of this value in the literature. Using the
magnitude difference in this study indicates that the sec-
ondary has a later spectral type.
HIP 60444 (12h23m33.s18 + 67◦11′17.′′91, J2000;
G 237-64) consists of two components of M4 spectral
types with absolute magnitudes MAV = 11.4 mag and
MBV = 11.6 mag (Balega et al. 2004). The orbital so-
lution for this system was obtained for the first time
and is shown in Figure 5. It is based on 26 measure-
ments (8 published and 18 new), and the residuals of
measurements were ∆ρ = 21.6 mas and ∆θ = 7.◦4.
With the exclusion of measurements marked with a
crosses in Figure 5, the residuals are ∆ρ = 5.1 mas
and ∆θ = 0.◦8. Residuals of new measurements are
∆ρ = 4.3 mas and ∆θ = 0.◦8. Only the Hipparcos paral-
lax piH = 77.54± 3.23 mas is presented in the SIMBAD
database for HIP 60444, and the value of the magnitude
difference used in our analysis is ∆m550 = 1.54 ± 0.10
mag as stated earlier. The mass sums calculated by the
two methods and appearing in Table 3 are in good agree-
ment with each other, which indicates the high precision
of the orbital solution.
HIP 61100 (12h31m18.s91 + 55◦07′08.′′28, J2000;
NO UMa) belongs to the Ursa Major moving group
(King et al. 2003; Ammler-von Eiff & Guenther 2009).
The components have spectral types K2.0V ± 0.5
(NO UMa A) and K6.5V ± 0.5 (NO UMa B) (Schlieder
et al. 2016). In addition to estimates of the positional
and orbital parameters of the system appearing in Ta-
bles 1 and 2, respectively, the following parameters are
available in the literature (and some appear in Table 3):
q = 0.86 (Halbwachs et al. 2003); Teff = 5000 ± 100
K, log g = 4.6± 0.2, [Fe/H] = −0.13± 0.07 dex, M =
0.83±0.05M, R = 0.81±0.07R and d = 22.3±5.3 pc
(Ammler-von Eiff & Guenther 2009); Teff,A = 5010±50
K, Teff,B = 4140 ± 30 K and d = 25.87 ± 0.02 pc
(Schlieder et al. 2016); and an excess of helium was also
detected (Kiefer et al. 2018). In paper by Kiefer et al.
(2018), parameters were determined with high accuracy
based on spectroscopic and speckle interferometric data.
As a result, 5 sets of orbital parameters are presented
in the literature for this object in Table 2, but it should
be noted that some of the values are not consistent with
each other.
For this system, 16 new measurements appear in Ta-
ble 1 in addition to the 10 already available in the liter-
ature. The orbital solution found for HIP 61100 in this
work made it possible to refine the already known or-
bital parameters that we present in Table 2 and fit the
observational data. Improved orbit and the orbit con-
structed according to the parameters by Schlieder et al.
(2016) are shown in Figure 6. It should be noted that
the longitude of the ascending node Ω from the paper
by Schlieder et al. (2016) has been changed by 180◦.
The residuals of the measurements for ρ and θ are 1.5
mas and 1.◦4, respectively. When using only new mea-
surements, they are ∆ρ = 1.4 mas and ∆θ = 1.◦3. The
Gaia and Hipparcos parallaxes for HIP 61100 have very
close values of piH = 39.84 ± 1.07 mas (van Leeuwen
2007) and piG = 39.4502 ± 0.2049 mas (Gaia Collabo-
ration et al. 2018), therefore, it makes sense to provide
calculations based on Gaia parallax. To calculate the
absolute magnitudes of the stars, we used the average
magnitude difference ∆m550 = 1.96 ± 0.02 mag (calcu-
lated from 6 measurements from Table 1). The mass
sums calculated by the two methods in this study are in
excellent agreement with each other.
HIP 73085 (14h56m12.s87 + 17◦44′53.′′48; MCC 727)
is a binary consisting of main-sequence stars. For this
object Cvetkovic´ et al. (2016) obtained orbital param-
eters and characteristics of the system that are shown
in Tables 2 and 3, and a dynamical parallax of pidyn =
16.63±1.12 mas. The orbit was improved using 12 pub-
lished and 11 new measurements, which made it possible
to fit the observational data better, shown in the right
panel of Figure 6. The measurement residuals were 2.◦4
for θ and 4 mas for ρ. Measurements that are very
different from the model solution contribute to these
values (in Figure 6, marked with crosses), so the final
estimates of the residuals for ρ and θ are 3 mas and
1.◦5, respectively. Residuals for new measurements are
∆ρ = 1.7 mas and ∆θ = 1.◦5. As a result, the orbit
obtained here fits the observational data better. The
parallaxes for HIP 73085 are piH = 13.89±4.00 mas and
piG = 16.3101 ± 0.2908 mas, and the value of the mag-
nitude difference of stars is ∆m550 = 1.61 ± 0.10 mag
(as noted earlier). The high value of the error in deter-
mining of the mass sum using the Hipparcos parallax is
due to its large uncertainty. The characteristics of the
components and the system, calculated by two methods
and using different parallaxes, are in good agreement
with each other (Table 3), indicating the high precision
of the orbital solution obtained.
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Figure 5. Orbital solutions for HIP 47791 and HIP 60444. The orbit by Cvetkovic´ et al. (2016) is shown in gray on the left
panel. All other designations are described in the caption of Figure 3.
3.1. Grading the Orbits
Since the measurements cover less than half of the
orbital period and further monitoring of HIP 28671 is
required, the orbital solution for this system is ”pre-
liminary” (Grade 4). ”Reliable” (Grade 3) orbits of
HIP 14524, HIP 16025, and HIP 46199 are obtained
in the cases where at least half of the orbit is defined,
but observational data (for example, Hipparcos mission
measurements) leave the possibility of inaccuracies in
the orbital parameters. The orbits of HIP 60444 and
HIP 73085 are ”good” (Grade 2) - the observational data
correspond to different phases and cover more than half
of the orbital period, which allows for an accurate fitting
of the orbit; probably, taking into account the positional
parameters of systems in the missing phases, the orbital
solution will be improved. It should be noted that more
than one orbital period has passed since the beginning
of the observations of the HIP 47791 and HIP 61100 and
the observations are perfectly fitted by the obtained or-
bital solutions, no significant improvements are expected
in the orbital parameters obtained in this work, there-
fore the orbits of these objects are classified as ”accu-
rate” (Grade 1).
We would like to draw attention to the low residuals
of positional parameters (an average of 1◦ on θ and 2.7
mas on ρ), which are indicators of the high precision
of the construction of the orbits. This fact indicates
the high accuracy of determining the orbital parameters
of the objects under study (Table 2) and the validity of
the long-term monitoring of binary and multiple systems
performed in the group of high-resolution methods in
astronomy of the SAO RAS.
4. CONCLUSIONS
This study has used speckle interferometric observa-
tions obtained at the BTA of the SAO RAS over the past
12 years, in order to significantly increase the number
of measurements of positional parameters to construct
orbits. The results of the analysis of new speckle in-
terferometric data obtained from 2007 to 2019 at 6 m
telescope made it possible to obtain orbital solutions for
the HIP 14524 and HIP 60444 for the first time and im-
prove the orbits of HIP 16025, HIP 28671, HIP 46199,
HIP 47791, HIP 61100 and HIP 73085. Using the crite-
ria by Worley & Heintz (1983), a qualitative classifica-
tion of the obtained orbital solutions was carried out.
Based on the orbital elements of the objects under
study and estimates of the magnitude differences ∆m,
the total masses, absolute magnitudes, and spectral
types of components were calculated. The mass sums
were determined with error of 15% using a parallax from
Speckle interferometry of nearby multiple stars 13
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Figure 6. Orbital solutions for HIP 61100 and HIP 73085. The orbit by Schlieder et al. (2016) is shown in gray on the left
panel and by Cvetkovic´ et al. (2016) on the right panel. All other designations are described in the caption of Figure 3.
this work for HIP 14524 (a high error in determining the
semi-major axis of this system should be noted), 15%
and 13% for HIP 46199 using the Hipparcos and Gaia
parallaxes, respectively, 10% (Hipparcos parallax) and
3% (Gaia parallax) for HIP 47791, 12% (Hipparcos par-
allax) for HIP 60444, 2% (Gaia parallax) for HIP 61100
and 85% (Hipparcos parallax) and 6% (Gaia parallax)
for HIP 73085. It should be noted that the large un-
certainties of mass sums of some systems are due to the
low accuracy of the parallaxes used and the semi-major
axes, in some cases. Further monitoring of binaries (in
particular HIP 16025 and HIP 28671) and future data
releases of Gaia will make it possible to construct orbits
better, improve known orbital solutions, and also clar-
ify the problem of the mismatch of the mass sums of
components determined using the Hipparcos and Gaia
parallaxes.
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